Background Psoriasis, a chronic disease usually requires long-term disease management.
Introduction
Psoriasis is a chronic disease and usually requires long-term disease management. The efficacy and safety of ixekizumab (IXE), a high-affinity monoclonal antibody that selectively targets interleukin (IL)-17A, 1 is well established in patients with moderateto-severe plaque psoriasis, [2] [3] [4] [5] including from 1, 2,5 2 5 and 3 6 years data from UNCOVER-3 study. Given the chronicity of psoriasis, it is important to understand the long-term efficacy and safety of IXE in patients with moderate-to-severe plaque psoriasis. Therefore, here we report the efficacy and safety over 4 years (204 weeks) of treatment with a recommended IXE dose from the UNCOVER-3 study.
Methods

Study design and participants
The details of the study design and patient population of UNCOVER-3 (NCT01646177), a randomised, double-blind, multicenter, phase 3 study in patients with moderate-to-severe plaque psoriasis, were reported previously. 2, 3 In the current study, patients randomly received either placebo, 80-mg IXE every 2 weeks (Q2W), 80-mg IXE every 4 weeks (Q4W; both IXE groups had a starting dose of 160 mg) or etanercept 50 mg twice weekly. At week 12, all patients were switched to IXE Q4W dose for the long-term extension (LTE) period. After week 60 and at the investigator's discretion, patients could receive a dose adjustment to IXE Q2W. This report primarily focuses on the data from patients who received the clinically recommended dosing regimen (initial 160 mg, IXE Q2W up to week 12 and IXE Q4W thereafter). Additionally, the data from patients on Q2W/Q4W dosing regimen through 204 weeks, including data from visits where dose was adjusted to IXE Q2W, were also analysed.
The study protocol was approved by the institutional review board or ethics committee at each participating site and was conducted according to the principles of the Declaration of Helsinki. All eligible patients provided written informed consent before undergoing study-related procedures.
Endpoints and outcome assessment
The efficacy endpoints at week 204 were percentage of patients who achieved at least 75%, 90% or 100% improvement from baseline in the Psoriasis Area and Severity Index (PASI 75/90/ 100, respectively), percentage of patients with static Physician's Global Assessment (sPGA) score of 1 (clear or minimal) or 0 (clear) and absolute PASI score. Efficacy was also evaluated in patients who had baseline scalp, nail or palmoplantar involvement, by the percentage of patients achieving complete resolution based on the Psoriasis Scalp Severity Index (PSSI = 0), the Nail Psoriasis Severity Index (NAPSI = 0) or the Palmoplantar Psoriasis Area and Severity Index (PPASI 100).
Safety was evaluated in all patients who received at least one dose of IXE and was reported as treatment-emergent adverse events (TEAEs) by severity and frequency, serious adverse events (SAEs) and deaths. Selected adverse events (AEs) of special interest included infections, malignancies, neutropenia, Crohn's disease, ulcerative colitis and cerebrocardiovascular events (adjudicated in a blinded manner by an independent committee of experts).
Statistical analysis
The intent-to-treat population, all randomised patients regardless of treatment compliance, were analysed for efficacy. For the primary efficacy analysis, only data from visits in which patients were treated with the recommended IXE dosing regimen were included. Data collected at visits with IXE Q2W dose adjustments were excluded prior to any summary or applying imputations. Three methods were used to summarise efficacy data through 204 weeks: as-observed, multiple imputation (MI) and a modified non-responder imputation (mNRI; combined MI and non-responder imputation (NRI) 5 ). In addition, the data from patients on Q2W/Q4W dosing regimen through 204 weeks, including data from visits where dose was adjusted to IXE Q2W, were also analysed.
The as-observed method did not require any imputation for missing values; only data from completers at a visit were relevant. This method estimates the effect of treatment conditional on completion of treatment through the time point of interest.
The MI, a method of imputing missing data estimated what observations would have been if the patient had continued with the hypothetical strategy 7 handling missing data. For this study, the monotone missing data were imputed using a sequential predictive mean matching method with the baseline score as covariate.
The mNRI method analysed patient response status with a composite strategy 7 based on both the clinical requirements for response and the treatment-related contraindication reasons of discontinuation. In this study, patients who discontinued the study drug due to AEs, lack of efficacy or relapse were considered non-responders and were imputed as NRI; all other cases of missing data, considered unrelated to the treatment, were imputed using the MI method as described above.
The TEAEs, SAEs and AEs of special interest were summarised in terms of cumulative frequencies through the LTE period for 
ETN, etanercept; ITT, intent-to-treat; IXE, ixekizumab; LTE, long-term extension period; PBO, placebo; Q2W, every 2 weeks; Q4W, every 4 weeks. Table 1 ]. Baseline demographics and patient characteristics of the study population have been reported previously 2,3,5 ( Table 2 ). The clinical responses sustained throughout the 4-year treatment period. In the IXE Q2W/Q4W group (N = 385), the proportion of patients achieving PASI 75, 90 and 100 at week 204 using mNRI method were 82.8%, 66.4% and 48.3%, respectively ( Fig. 1) . Using as-observed and MI methods, PASI 75 was achieved in 98.2% and 94.8%, respectively ( Fig. S1a) . Similarly, 87.8% and 73.3% of patients achieved PASI 90 ( Fig. S1b ) and 67.1% and 52.7% achieved PASI 100 ( Fig. S1c ) response at week 204, respectively.
The response rates were also consistently high for sPGA (0, 1) ( Fig. 2a ) and sPGA (0) (Fig. 2b) (Fig. 3) .
Complete resolution throughout the 4-year treatment period was also observed in patients with baseline nail, scalp and palmoplantar involvement (NAPSI = 0: 75.9%, 74.6% and 67.0%, PSSI = 0: 87.1%, 82.2%, 73.0% and PPASI 100: 95.8%, 92.1%, 77.1% using as-observed, MI, mNRI methods, respectively) ( Fig.  4a-c Year analyses 
Safety
During the LTE period, the overall safety profile of IXE treatment over 4 years is shown in Table 3 . Majority (n = 1129, 88.6%) of TEAEs were mild or moderate (n = 901, 70.7%) in severity. Among the AEs of special interest, infections were most frequently reported [n = 856, 67.2%; mainly nasopharyngitis (n = 363, 28.5%) and upper respiratory tract infections (n = 138, 10.8%)]. Adverse events associated with duration, such as malignancies (n = 28, 2.2%), were rare. Non-melanoma skin cancer was reported in 0.7% (n = 9) patients. Clinically significant (grade 3 or 4) neutropenia was also infrequent, occurring in nine patients (0.7%). The overall rate of Crohn's disease (n = 4) and ulcerative colitis (n = 4) was 0.3% for both. During the LTE period, 18.1% (n = 230) of total patients reported SAEs; 13.0% (n = 47) of the incidences were reported in patients on IXE Q2W/Q4W. One death due to acute cardiac failure occurred in the fourth year of the assessment period.
Discussion
Many factors must be considered in selecting the most appropriate therapy for patients with psoriasis. Durability of response and absence of serious side-effects with long-term use are important factors. 8, 9 The present analyses evaluated the efficacy of the treatment with a recommended IXE dose over 4 years from the UNCOVER-3 study. Overall, results showed a sustained high-efficacy response through 4 years of continuous treatment with IXE in patients with moderate-to-severe plaque psoriasis. These results corroborate the results that were reported previously in patients with moderate-to-severe psoriasis. 2 Year Analyses
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Week parameters such as PASI 75, 90, 100 and sPGA (0) or (0, 1), regardless of the statistical analyses (as-observed, MI and mNRI) performed. Similar results were also observed in patients with baseline nail, scalp and palmoplantar involvement. Furthermore, majority of patients also reported no itch (itch NRS = 0), which has significant impact on quality of life. 10 There was no difference in the efficacy response between patients with or without dose escalation; however, 27 of 34 PASI 75 non-responders achieved PASI 75 at least once after dose adjustment. The significant disease improvements by new classes of biological therapies, such as with IL-17A inhibition, could have potentially increased the expectations of patients and clinicians on the treatment goals, raising the bar for treatment success to levels beyond the traditional goal of PASI 75. This could be the reason that few PASI 75 responders increased their dose to IXE Q2W despite being responders on the recommended dose. At week 204, about 88% (n = 65) of patients were retained on the IXE treatment, which was similar to that observed previously in patients with moderate-tosevere psoriasis, suggesting a clinical benefit with IXE longterm treatment.
During the LTE period, the overall safety profile of IXE treatment was similar to that reported previously during the induction period, 3 week 108 5 and week 156. 6 Overall, 88.6% Grade 4 0 2 (0.5) 0 0 2 (0.2) †Adverse events include events that first occurred or worsened during the LTE treatment period. Adverse events reported here are cumulative and include events from the LTE population that occurred during the treatment period before the 204-week database lock. ‡For patients with >1 occurrence of the same event, severity was categorised based on the event of highest severity. §Frequently reported adverse events included any adverse event occurring at a rate of ≥8% in the total LTE population. ¶Cerebrocardiovascular events were only included if they were confirmed by adjudication. † †Candida infections include MedDRA high level terms and MedDRA preferred terms for events likely representing Candida infections. Specific terms include vulvovaginal candidiasis, vulvovaginal mycotic infection, oral candidiasis, oropharyngeal candidiasis, Candida infection, skin Candida, oral fungal infection, balanitis Candida, nail Candida, and genital candidiasis. ‡ ‡Treatment-emergent neutropenia is reported for patients who experienced a worsening from baseline neutrophil counts at any time during LTE. Percentages are calculated based on the number of patients with a baseline and at least 1 postbaseline neutrophil measurement (PBO/IXE Q4W = 183, ETN/IXE Q4W = 369, IXE Q4W/IXE Q4W = 360, IXE Q2W/Q4W = 362, and total = 1274). Neutropenia grades are defined as follows: Grade 1, <2000/mm 3 and ≥1500/mm 3 ; Grade 2, <1500/mm 3 and ≥1000/mm 3 ; Grade 3, <1000/mm 3 and ≥500/mm 3 ; Grade 4, <500/mm 3 . AE, adverse event; ETN, etanercept 50 mg twice weekly; IXE, ixekizumab; LTE, long-term extension; MedDRA, Medical Dictionary for Regulatory Activities; PBO, placebo administered with 2 injections on Week 0, then every 2 weeks; Q2W, every 2 weeks; Q4W, every 4 weeks.
(n = 1129) patients reported TEAEs. Of which, 70.7% (n = 901) were mild-to-moderate in severity. Adverse events of special interest were low and manageable. As expected, infections were most frequently reported (67.2%, n = 856); the rate of Candida infection during the LTE was 5.2% (n = 66). The overall rate of Crohn's disease (n = 4) and ulcerative colitis (n = 4) were 0.3% for both. These safety findings support the consistency in the safety profile of IXE treatment with no new signals occurring even after the longer exposure.
Conclusions
This study demonstrated a sustained high-efficacy response through 4 years of continuous treatment with IXE in patients with moderate-to-severe plaque psoriasis. The safety profile remained consistent with prior findings, with no new or unexpected safety concerns.
